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ABSTRACT 
Over the past decades, the seismic structure of the crust and upper mantle of the 
southwestern United States was examined using an array of different methods. The 
structure and composition of crust received special attentions, most due to the 
hydrocarbon reserves in this area.  Here new constraints on crustal evolution and 
structure models are provide by systematically analyzing 37,402 receiver functions 
recorded at 234 seismic stations on the southwestern United States. The results reveal that 
the Transitional Crust is characterized by a thin (29.0±1.0 km) crust, a low Vp/Vs ratio of 
1.76±0.016 and a high amplitude (R) of P-to-S converted waves (relative to that of the 
direct P wave) of 0.258±0.028, consistent with the model that the thin crust was the 
consequence of lithospheric stretching during the opening of the Gulf of Mexico and that 
this area is covered by a thick sedimentary layer. The Precambrian Grenville and Yavapai 
Provinces are characterized by a thick crust (41.8±0.7 km), large Vp/Vs (1.791±0.030) 
and smalle R (0.156±0.019) values, indicating that this area experienced no significant 
stretching. The Rio Grande Rift Area has a thin crust (35.6±0.8 km) and an intermediate 
Vp/Vs (1.78±0.025) ratio that is similar to a typical continental crust, and a large R value 
(0.216±0.033), suggesting that the crustal thinning was the result of pure shear stretching.   
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1. INTRODUCTION 
The study area is composed of the states of Texas, Louisiana, and the southern 
portion of Arkansas, Oklahoma, and New Mexico. The area ranges from -110° to -88° for 
longitude and from 24° to 37° for latitude (Figure 1.1). It is part of the North American 
Plate and has undergone a series of tectonic events that can be distinguished as three 
principal tectonic cycles (Ewing, T.E., 1991). The first one is Precambrian cycles, 
corresponding to the recording in ancient rocks of the Llano region and near Van Horn 
and El Paso and be represented by the Llano cycle between 1,200 and 1,080 million years 
ago (Ma)(Moecher, 1997). After this circle, a portion of present day Texas and some 
rocks now located in Antarctica and southwest Australia were attached together. Second, 
from the continental rifting and inundation of much of Texas about 550 Ma, the 
Paleozoic Ouachitan cycle began. The end of this cycle is marked by the collision of 
South and North America, and this collision resulted in the Ouachita mountain-building 
event about 245 Ma. After that cycle, most of our study area was characterized by huge 
mountains that crossed the whole Texas. The third cycle began with the continental 
rifting in the Late Triassic about 220 Ma and it has not ended until present days 
(Humphris, 1979; Pindell, 1985, 1994; Dunbar and Sawyer, 1987; Salvador, 1991; 
Buffler and Thomas, 1994; Hall and Najmuddin, 1994; Marton and Buffler, 1994). 
Oceanic crust in the Gulf of Mexico that can be observed today is one of the results of 
this continental rifting. It also led to ocean opening in South and East Texas between 85 
and 50 Ma. After that, the study area was affected by a widespread deformation in 
western United States, Canada, and Mexico that created the Rocky Mountains, including 
a mountain building event called Laramide Orogeny occurred in West Texas. 
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Gravity, seismic and geochemistry studies (e.g., Mickus et al., 2009; Jackson et 
al., 1983; Harry and Mickus, 1998) and numerous active-source seismic 
refraction/reflection studies (e.g., Pindell, 1985, 1994) have been applied in this area, 
suggesting that crustal thickness (H) increases from about 20 km in the transitional crust 
area to about 45 km in the cratonic area, and there is a thick deposition layer covering the 
transitional crust area. According to Mickus et al. (2009), a deeply buried volcanic rifted 
margin contributes to the bulk of the observed magnetic and Bouguer gravity anomalies 
in the coastal from Mexico to Lafayette, Louisiana. Affected by this volcanic rifted 
margin, the most prominent magnetic anomaly is a large-amplitude maximum that 
parallels the coastline, together with a small-amplitude maximum Bouguer gravity 
anomaly in the same region. Parallel to these two anomalies, a large-amplitude Bouguer 
gravity anomaly corresponds to a small-amplitude magnetic anomaly in the same region 
was observed, supporting the existing of a deeply buried volcanic rifted margin. The 
interpretation is consistent with regional sedimentary patterns and detrital zircon ages, 
which indicate that central Texas was strongly uplifted in Late Triassic time prior to 
rifting. It is also consistent with Yucatan separating from Texas along this rift and the 
postulated fossil hotspot track in the western Gulf of Mexico. But some gaps in our 
knowledge still remain that prevent us from totally understanding the evolution and 
processes that formed all the characteristics. 
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Figure 1.1. A topographic map of the study area showing tectonic provinces and locations of 
seismic stations provided data in this study. Area A next to the Gulf of Mexico coast is a 
transitional crust formed during the opening of Gulf of Mexico. Area B is typical continental 
crust characterized by stability geological history. Area C is the southern portion of the Rio 
Grande rift and was experienced crustal thinning and extension during the middle to late Tertiary.  
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The southeast region of this study area next to the Gulf of Mexico coast is defined 
as an area underlain by ocean-continent transitional crust, which can be related to the 
opening of the Gulf of Mexico during Jurassic-earliest Cretaceous. In this process, 
Yucatán block rotated away from North and South America, which resulted in the 
formation of new oceanic crust. Typical continental crust lies beneath the Intermediate 
Region with relative high thickness and characterized by stability. The southern portion 
of Rio Grande Rift (RGR) is a major structural element in the west part of the study area. 
The RGR is accepted to be related to a complex, two-stage extensional history (Wilson, 
D., 2005). 
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2. TECTONIC HISTORY AND GEOLOGICAL SETTING 
Based on the major tectonic boundaries we divided this region into three subareas 
(Figure 1.1).  
Area A, the transitional crust, belongs to the Coastal Plains Physiography 
Province. It is 483 km wide, adjacent to the Gulf of Mexico, and is among the youngest 
tectonic terrane in the US. The process of coastal plain building was smooth and 
continuous by unconsolidated sediments that washed out from the Appalachian 
Mountains, the Central Lowlands, and the Great Plains (Mooney, 2010). This gradual 
process led to a surface with gentle slope in this area. Deposit in the transition zone 
between continent and sea characterized by sand bars and reefs located in front of 
swamps (wet forests), marshes (wet grasslands), and lagoons. This kind of deposit is the 
origin of several vast reservoirs of oil and gas. In terms of the tectonic history, North 
American and South American were pulled apart during the Early Cretaceous to make 
enough room for Yucatán to occupy its final position (Pindell et al., 2000). Due to the 
rotation of the Yucatán block (Figures 2.1 and 2.2), Area A has been controlled by 
stretching tension from then on. The tectonic history provided evidence for us to believe 
that the crustal thinning in this area is associated with this tension, which is related to the 
opening of a new ocean.  
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Figure 2.1.  Late Jurassic (Tithonian, anomaly M-21) plate reconstruction (Pindell et al., 2000). 
North American and South American were pulled apart from then on and Yucatán block began 
rotating around the Yucatán-NOAM pole. Area A was in the north of the Yucatán block and A 
has been controlled by stretching tension. 
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Figure 2.2.  Early Cretaceous (Valanginian, anomaly M-10) plate reconstruction (Pindell et al., 
2000). North America had been pulled sufficiently far away from South America for Yucatán 
block to occupy its final position and the spreading in the Gulf ended. Area A was still be 
influenced by this spreading and the stretching.   
 
Area B can be divided into the Grenville and Yavapai Mazatzal provinces. The 
age for the former ranges from 1.4 to 1.0 Ga while that for the later ranges from 1.8 to 1.6 
Ga (Ferri et al., 1999). The Mazatzal province is composed of New Mexico, southwestern 
Arizona in the United States, and northern Sonora, Mexico (Karlstrom et al., 1988), and 
is characterized by exposures of juvenile arc-related igneous rocks and associated 
sedimentary rocks that can be related to Mazatzal orogeny (Conway et al., 1989; 
Karlstrom et al., 2004). Subduction-related magmatism within an oceanic arc setting 
created the bulk of the Mazatzal province crust. The Grenville is associated with the 
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assembly of the ancient supercontinent Rodinia, in which process Eastern North America 
(Laurentia) collided with western South America (Amazonia) (Magnani, et al., 2004). It 
occurred during the Precambrian, resulted in an orogenic belt from the Great Lakes to 
Labrador. This orogenic belt, however, has been entirely eroded today due to the effect of 
glaciation. Melting of glaciers also resulted in the formation of rivers and lakes. General 
compositions of this area are metamorphic rocks. Texas state and Mexico country 
represent the southern margin of Laurentia, and likely collided with a different continent 
than that involved in the eastern collision (Mosher et al., 2004). It is believed that the 
subduction under the Laurentian margin (currently in Texas, north of the accreted 
Mexican terrane) ended around 1230 Ma, and as a consequence of reversed subduction 
polarity, the colliding continent north recorded no evidence of arc magmatism after that 
time (Corrigan et al.,1997). In terms of lithology, metamorphism is typically of 
amphibolite and granulite that indicating medium to high temperature and pressure 
alteration (Magnani et al., 2004). At some location Eclogitized metagabbros are found 
where deepest burial and/or most intense collision occurred in the history. 
Area C is the southern portion of the Rio Grande rift. Its physiography is similar 
to the neighboring Basin and Range province, which experienced magmatism, extension, 
and crustal thinning during the middle to late Tertiary. Two stages of extension exist in 
the tectonic history. The initial extension started in a back-arc or intra-arc setting as a 
consequence of east-dipping subduction of the Farallon plate beneath the North American 
plate (David Wilson et al, 2005). The later stage, which is considered to be related to 
plate-boundary forces along the western edge of the North American plate, controls the 
current extensional setting of the Basin and Range province. The later stage overprints 
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and has different structural trends than the early one. Dextral slip that occurs along the 
western edge of the North American plate may lead to these plate-boundary forces 
(Stewart and Diamond, 1990). Depending on the intricate extensional history, it is 
reasonable to believe that combined active and passive mechanism operated during the 
rifting. Some other possible factors simultaneously contributed to the formation of this 
rift zone. For instance, a rift parallels to the axis of a broadly uplifted region over most of 
its length, gravitational collapse of this topographic anomaly probably played a role in the 
rifting processes. In addition, the rift may follow zones of crustal weakness resulting 
from 1.1Ga, Pennsylvanian, and Laramide orogenic events (e.g., Chapin et al., 1975; 
Karlstrom et al., 1998). 
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3. DATA AND METHOD 
The three component broadband seismic data used in this study were all acquired 
from the IRIS (Incorporated Research Institutions for seismology) DMC (Data 
Management Center) and the locations of seismic stations are limited within the area of 
24.0° to 37.0°N and 110.0° to 88.0°E.  
The total number of seismic stations that is available in this area is 284 when data 
were requested. However, after converting of seismograms to receiver functions and 
manual checking only 234 of them have qualified receiver functions. Most of these 234 
stations belong to the TA (EarthScope Transportable Array) network and recorded for 
about two years from the beginning of 2011 to the beginning of 2013 
(http://www.iris.edu/gmap/_US-ALL). A few stations (including station AMTX, JCT, 
LTX, MIAR, MNTX, NATX, VBMS, and WMOK) belong to the US (IRIS/USGS 
Network) network. Seismic data received by stations during their working time are 
accepted if the epicentral distances are between 30° to 180°.  
As the same method used in Liu and Gao (2010), the cut off magnitude is 
determined using Mc =5.2 + (De − 30.0)/(180.0 − 30.0) − Hf /700, where De and Hf 
stand for epicentral distance in degree and focal depth in km respectively. Mc values 
resulted from this formula range from 4.2 (when De=30° and Hf=700 km) to 6.2(when 
De=180° and Hf=0 km). The time window for these data begins at 20 s before the first 
compression wave and ends at 260s after it. Before transferring these seismograms to 
receiver functions, band-pass filtering with corner frequencies 0.08–0.8 Hz is apply to 
improve the ratio of signal and noise.  
  
11 
The standard of signal-to-noise ratio (S/N) for events to be selected is 4.0 or 
greater. Qualified ones are converted to radial receiver functions according to the 
procedures from Ammon et al., (1990). The RFs were examined manually to avert those 
with weak first P-arrivals or with anomalously large arrivals in the P‐wave coda. For 
the purpose of insuring reliability of results, stations with less than 20 high-quality RFs 
were eliminated from the list. The total number of high-quality RFs used in this study is 
37,402, resulting in a relatively high average of 160 RFs per station. 
The RFs obtained from the above procedures were moveout-corrected and stacked. 
The method of grid searching helps determine a most reasonable pair of crustal thickness 
(H) and Vp/Vs together with R, the maximum stacking amplitude for each station. We 
performed moveout-correction and stacking depending on the following equation (Zhu 
and Kanamori, 2000; Nair et al., 2006) 
  (   ∅ )  ∑   
 
      (  
(   ))       (  
(   ))       (  
(   )), (1) 
Where (Hi,∅i) is the pair of  crustal thickness and Vp/Vs ratio, ω1,ω2,ω3 are 
weighting factors, t1,t2,t3  are moveout times for PmS, PPmS and PSmS phases, 
respectively,  n is the total number of qualified RFs for the station   (  
(   )),   (  
(   )) , 
and   (  
(   )) are the amplitudes on the receiver function at the time points  t1, t2, t3  after 
the first P arrival, respectively. A (Hi, ∅i) is the resulting stacking amplitude, which is 
mostly related to Hi and ∅i. Figure 3.1 shows an example H-∅ plot. 
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(a) 
 
(b) 
 
Figure 3.1.  Example receiver functions and H-∅ plot for the station Z20, which is located in the 
middle of the study area. (a)The red trace in the middle of black receiver functions is the simple 
time domain stacking of all the individual traces without moveout correction. PmS is related to 
the P-to-S converted phase from the Moho, and in the time domain, PPmS and the negative PSmS 
s can be observed. (b) H-∅ plot resulted from grid-searching. The black dot indicates the 
maximum stacking amplitude and the most possible pair of crust thickness H and Vp/Vs ratio ∅. 
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At the first stage of producing H-∅ plots for several stations, we consider about a 
series of candidate Hi ranges from 15 to 65 km with a 0.1 increment, and ∅j ranges from 
1.65 to 1.95 with a step of 0.0025. However, after finishing the plots for some stations 
and reading previous studies we recognized that depends on geological truth in our study 
area it is meaningless to consider candidate crust thickness thinner than 20 km or thicker 
than 60 km. We modified the numerical boundary condition to be 20 km to 60 km for Hi 
as well as 1.70 and 1.95 for Vp/Vs ratio ∅. The other parameter, stacking amplitude (R 
value), quantified the Moho condition (Nairet et al., 2006; Liu et al., 2010). 
During the procedure of calculating the moveout of PmS, PPmS and PSmS phases 
for each pair of (Hi, ∅j), a mean crustal P wave velocity is required. Due to the relatively 
large study area and diverse tectonic environment, it is illogical to employ a constant Vp 
for all the stations. For this study, we apply a crustal P wave velocity of 5.5 km/s for 
stations located in Area A, 5.8 km/s for stations within Area B, and 6.1 km/s for those in 
Area C, based on previous active and passive seismic studies (Harlan et al., 2009; Le Roy 
et al., 2008). In fact observable error in crust thickness can only resulted from a relatively 
large difference between actual velocity and velocity we used for stacking. According to 
Nair et al. (2006), an error of about 2.5 km in resulting crustal thickness corresponds to 5% 
difference between actual velocity and stacking velocity and about 0.012 in the resulting 
Vp/Vs value. Like several other receiver function studies (Efron et al, 1986; Press et al., 
1996; Gao et al., 2004; Liu et al., 2010), bootstrap approach was employed to obtain the 
standard deviations (STDs) of the observed parameters (H, Vp/Vs, R) and their mean 
values: firstly choose 63% receiver functions from a station, and then duplicate 60% of 
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them to get a same size new set. After that, stacking is applied on the new set and 
compare resulted H&∅.  
The grid of gravity anomaly data for the conterminous United States and adjacent 
marine areas was constructed from National Information Mapping Agency (NIMA) 
gravity data files. It was reprojected to the specifications for the Spatial Data Delivery 
(SDD) project.  The compilation of onshore data consisted of nearly one million Bouguer 
gravity anomaly values computed by using a reduction density of 2.67 grams per cubic 
centimeter. The offshore data consisted of approximately 800,000 free-air gravity 
anomaly values. Gravity measurements made on the surface of the Earth must be 
corrected in various ways before they can be made into an anomaly map. The free-air 
correction reduces the measurement to sea level by assuming there is no intervening mass 
as a uniform slab of constant density, and the complete Bouguer correction includes the 
effects of constant density topography within 166.7 km of the measurement location. A 
gravity reference field is subtracted from the corrected measurements to produce the free-
air, simple Bouguer, or complete Bouguer anomaly. The data set constitutes many years 
of individual collection of gravity stations and therefore is difficult to access the precise 
accuracy. 
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4. RESULTS 
The resulting crust thickness, Vp/Vs and amplitude ratio are shown in Figures 4.1, 
4.2, 4.3 respectively.  
 
 
Figure 4.1.  Resulting crustal thicknesses displayed on topography background. Red crosses 
indicate relatively large crustal thicknesses and blue circles indicate relatively small values. The 
boundary between cross and circles is 35 km, which means if a station has a mean crustal 
thickness smaller or equal to 35km, is will be expressed as a circle, on the other hand, it will be 
shown as a cross. In our study, the largest crustal thickness is 53 km and the smallest one is close 
to 20 km. 
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Figure 4.2.  Resulting Ratio (R) between the stacking and the amplitude of the direct P wave on 
the radio component.  The dividing line is 0.15 which means value larger than 0.15 is expressed 
as red cross and blue circles indicate that the R value for this station is lower than 0.15. 
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Figure 4.3. Resulting crustal Vp/Vs. Crosses indicate larger values and circles indicate small 
values with the boundary of 1.73. 
 
Many previous studies divided their results into several categories depending on 
the quality of the receiver functions. They believed only high-quality data with a clear 
PmS arrival between 3.5 and 6.5s and either a PPmS or PSmS or both arrivals, leading to 
a well-defined single peak on the H-∅ plot. On the other hand, receiver functions show a 
clear PmS arrival but neither PPmS nor PSmS resulting in a poorly defined peak on the 
H-∅  plot (Nair et al., 2006; Liu et al., 2010). However, in our study, almost all the 
stations can be determined as high-quality category with either a PPmS or PSmS or both 
arrivals. As a result we have no categories and use their original Vp/Vs ratio to determine 
crustal thickness for all the stations. These stations without PPmS or PSmS are rejected 
for final result displayed in Figures 4.1 and 4.2, leading to some gaps on the resulting 
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figures without stations covering. For example, the gap between station 121A and 
station124A, and the gap between station 427A and station 429A.  
The resulting H values of all stations in the study area range from 20 km to 53 km 
with a mean value of 37.8±0.8 km, the Vp/Vs values range from 1.66 to 1.92 and the 
mean value is 1.78±0.027, and the observed R values are distributed from 0.026 to 0.524 
with a mean of 0.180±0.026. As indicated in these three figures and table1, the magnitude 
of crustal parameters are significantly corresponding to topography characteristics. Also 
we calculated Hn, the hypothetical crustal thickness by data processing processes using 
1.73 as the Vp/Vs value. All the data we got are shown in Table 4.1. 
Table 4.1 Resulting crustal thickness ( H, Hn ), Vp/Vs, and R 
 
Station 
 
Area 
Latitude 
(deg) 
Longitude 
(deg) 
 
H (km) 
 
Vp/Vs 
 
Hn(km) 
 
R 
 
N 
         
120Axx_TA C 32.5470 -108.6330 28.1667 1.7644 28.9667 0.3223 97 
121Axx_TA C 32.5320 -107.7850 29.4000 1.8100 31.6542 0.1430 497 
124Axx_TA C 32.7000 -105.4540 43.4100 1.8724 46.3500 0.1595 129 
125Axx_TA B 32.6590 -104.6570 43.6600 1.7350 43.7100 0.1194 117 
126Axx_TA B 32.6460 -104.0200 40.7900 1.8210 43.6500 0.1779 136 
127Axx_TA B 32.6760 -103.3570 46.1500 1.8156 49.9000 0.1488 188 
128Axx_TA B 32.6210 -102.4850 48.3300 1.8159 40.1700 0.1109 165 
129Axx_TA B 32.6310 -101.8660 46.4600 1.7707 47.5000 0.2374 146 
130Axx_TA B 32.5960 -100.9650 42.0300 1.7760 43.1200 0.1986 119 
131Axx_TA B 32.6740 -100.3890 39.4900 1.7530 40.0500 0.1223 155 
133Axx_TA B 32.6080 -98.9160 38.3600 1.7431 38.7200 0.2004 171 
134Axx_TA B 32.5730 -98.0790 39.4400 1.7350 39.5000 0.1466 168 
135Axx_TA B 32.5570 -97.4100 40.1500 1.7190 39.9100 0.2354 139 
136Axx_TA A 32.4750 -96.5300 28.3500 1.7350 28.4000 0.2561 104 
137Axx_TA A 32.5970 -95.7560 26.7200 1.6940 24.9200 0.2316 35 
138Axx_TA A 32.6600 -95.0890 30.6500 1.6890 29.9100 0.3640 59 
139Axx_TA A 32.6800 -94.3930 24.9500 1.7180 24.6300 0.3387 55 
140Axx_TA A 32.6410 -93.5740 22.6200 1.8310 24.5800 0.4993 60 
141Axx_TA A 32.6050 -92.9050 26.7400 1.8120 27.7100 0.2671 32 
142Axx_TA A 32.5490 -91.9460 24.3000 1.8200 26.3833 0.3001 56 
143Axx_TA A 32.7030 -91.4040 29.2300 1.7200 29.1300 0.3250 97 
220Axx_TA C 31.9040 -108.5270 30.4400 1.7580 31.1200 0.2684 173 
222Axx_TA C 32.1050 -107.1010 30.3000 1.8336 32.5000 0.2165 106 
223Axx_TA C 32.0060 -106.4280 27.0800 1.8671 31.8800 0.2428 19 
224Axx_TA C 32.0760 -105.5230 43.0800 1.8639 49.9000 0.1244 166 
225Axx_TA C 32.1100 -104.8230 43.4600 1.9083 43.9500 0.0261 113 
226Axx_TA B 32.0620 -104.1010 39.9400 1.8680 42.3300 0.1024 60 
226Bxx_TA B 32.0780 -104.1650 39.5857 1.8229 42.2429 0.0810 56 
227Axx_TA B 32.0120 -103.2920 46.0500 1.7710 47.2000 0.2867 55 
228Axx_TA B 32.1180 -102.5920 39.3000 1.8400 45.2800 0.1164 184 
229Axx_TA B 31.9670 -101.8110 42.1000 1.7360 42.2300 0.1471 87 
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Table 4.1 Resulting crustal thickness ( H, Hn ), Vp/Vs, and R(continue) 
 
 
Station 
 
Area 
Latitude 
(deg) 
Longitude 
(deg) 
 
H (km) 
 
Vp/Vs 
 
Hn(km) 
 
R 
 
N 
         
231Axx_TA B 31.9350 -100.3160 38.3900 1.7440 38.8000 0.1286 152 
232Axx_TA B 31.8880 -99.6470 39.7800 1.7747 40.6100 0.1388 212 
233Axx_TA B 32.0180 -98.9000 36.8800 1.7600 37.4300 0.2193 239 
234Axx_TA B 32.0040 -98.1370 36.2600 1.7690 37.1900 0.1661 189 
236Axx_TA A 32.0000 -96.5310 27.7700 1.8136 29.4900 0.2257 112 
237Axx_TA A 32.0010 -95.8080 29.4400 1.7350 29.5300 0.1865 35 
238Axx_TA A 32.0030 -95.1200 27.6700 1.7040 27.0300 0.2409 58 
239Axx_TA A 32.0180 -94.4710 28.9900 1.7280 29.3300 0.3043 67 
240Axx_TA A 32.0390 -93.7630 25.1200 1.7600 24.7900 0.2275 39 
241Axx_TA A 32.0230 -92.9190 28.2300 1.7410 28.4600 0.3194 39 
244Axx_TA A 32.0420 -90.6860 41.9500 1.7433 42.2500 0.2764 15 
320Axx_TA C 31.3370 -108.5280 30.1100 1.7730 30.8400 0.2033 112 
324Axx_TA C 31.4420 -105.4830 35.0600 1.9020 38.6400 0.0854 142 
325Axx_TA C 31.3710 -104.9710 37.8400 1.8590 40.4800 0.1364 144 
326Axx_TA B 31.3160 -103.9790 46.4100 1.7270 46.5300 0.0866 92 
327Axx_TA B 31.3690 -103.4920 42.1400 1.8282 47.9700 0.3400 43 
328Axx_TA B 31.3820 -102.8100 44.1100 1.8314 46.7200 0.1130 163 
329Axx_TA B 31.4870 -101.9810 43.3800 1.7180 43.1400 0.1226 112 
330Axx_TA B 31.4060 -101.1750 39.1300 1.8680 44.2300 0.1954 119 
331Axx_TA B 31.3090 -100.4270 45.5600 1.7750 47.3600 0.1023 158 
332Axx_TA B 31.3830 -99.7420 41.6600 1.7450 42.8400 0.0850 228 
333Axx_TA B 31.3250 -98.9840 34.5400 1.8600 37.1300 0.1456 228 
334Axx_TA B 31.3330 -98.2380 39.2500 1.7940 41.0500 0.1181 255 
335Axx_TA A 31.2820 -97.4270 37.5200 1.7664 38.3300 0.0856 166 
336Axx_TA A 31.3870 -96.8440 27.6500 1.6910 26.9500 0.2356 221 
337Axx_TA A 31.3160 -95.8850 34.5200 1.7020 33.8800 0.3366 42 
338Axx_TA A 31.3570 -95.3110 31.3500 1.8130 34.1500 0.3950 46 
339Axx_TA A 31.3330 -94.5560 29.8778 1.7467 30.5778 0.4543 25 
340Axx_TA A 31.4170 -93.8900 20.2800 1.8400 21.9700 0.2242 75 
342Axx_TA A 31.3750 -92.3250 34.9900 1.6910 34.1100 0.4043 20 
425Axx_TA C 30.7860 -104.9860 38.6700 1.6760 37.6100 0.1085 135 
426Axx_TA B 30.6690 -104.0290 40.5300 1.8030 41.9900 0.1842 124 
427Axx_TA B 30.8500 -103.4020 49.8700 1.8050 54.9000 0.1222 114 
429Axx_TA B 30.6250 -101.8940 43.7800 1.7660 45.1400 0.1771 115 
430Axx_TA B 30.7870 -101.2360 42.8800 1.7900 45.6500 0.1885 100 
431Axx_TA B 30.6820 -100.6080 45.4333 1.7433 45.7667 0.0445 134 
432Axx_TA B 30.8750 -99.7940 39.2000 1.8105 41.6500 0.1288 219 
433Axx_TA B 30.7540 -99.0910 38.5400 1.7510 39.0200 0.0934 215 
434Axx_TA B 30.8140 -98.2690 34.6500 1.8000 35.7500 0.0508 221 
435Bxx_TA B 30.7830 -97.5850 37.3600 1.9040 46.5500 0.1153 186 
436Axx_TA A 30.7700 -96.7960 36.4000 1.7900 43.8000 0.0410 69 
437Axx_TA A 30.8290 -96.1390 42.2000 1.7100 40.9167 0.1141 22 
526Axx_TA C 30.0610 -104.0900 34.0300 1.8052 35.6700 0.2375 95 
527Axx_TA B 30.1460 -103.6120 41.0500 1.7329 41.0600 0.1663 136 
528Axx_TA B 30.1620 -102.7880 43.4200 1.6980 42.5400 0.1868 116 
529Axx_TA B 30.1250 -102.2200 36.8700 1.8357 41.5700 0.1223 136 
530Axx_TA B 30.1490 -101.3380 50.1300 1.8220 53.5200 0.0608 183 
531Axx_TA B 30.1640 -100.5460 47.8000 1.7410 48.2100 0.0960 147 
532Axx_TA B 30.1280 -99.9050 46.6900 1.8650 49.6800 0.1350 163 
533Axx_TA B 30.0720 -99.0350 42.2200 1.7862 43.6000 0.0912 270 
535Axx_TA A 30.0290 -97.5710 32.7400 1.9170 27.3700 0.1536 197 
536Axx_TA A 30.0760 -97.0650 28.9000 1.6870 28.2700 0.1411 65 
626Axx_TA C 29.5540 -104.1330 38.4500 1.7590 39.0800 0.2403 98 
627Axx_TA B 29.4530 -103.3890 36.0000 1.7210 35.7500 0.1335 128 
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Table 4.1 Resulting crustal thickness ( H, Hn ), Vp/Vs, and R(continue) 
 
 
Station 
 
Area 
Latitude 
(deg) 
Longitude 
(deg) 
 
H (km) 
 
Vp/Vs 
 
Hn(km) 
 
R 
 
N 
         
628Axx_TA B 29.4860 -102.8880 34.8100 1.7475 35.0400 0.1334 136 
631Axx_TA A 29.4120 -100.5760 33.4100 1.7801 34.3500 0.1431 233 
632Axx_TA B 29.5070 -99.7860 39.9000 1.9010 51.0600 0.2358 141 
633Axx_TA B 29.4590 -99.1770 26.1700 1.8630 32.1600 0.0975 159 
635Axx_TA A 29.3880 -97.7740 31.5200 1.8482 33.9400 0.1860 106 
636Axx_TA A 29.4810 -97.0570 24.1700 1.7230 24.0600 0.3778 39 
732Axx_TA A 28.7290 -99.9710 30.0600 1.6980 29.5500 0.2593 97 
733Axx_TA A 28.7190 -99.2940 28.8200 1.7728 29.7100 0.3406 84 
734Axx_TA A 28.8470 -98.5580 30.2700 1.6970 29.7300 0.2908 33 
735Axx_TA A 28.8550 -97.8080 24.1500 1.6960 23.4400 0.3144 34 
832Axx_TA A 28.2840 -99.9740 29.0200 1.6690 28.0000 0.3786 122 
833Axx_TA A 28.3240 -99.3940 28.9200 1.7442 29.2000 0.4156 136 
834Axx_TA A 28.1250 -98.5520 32.6600 1.8960 40.3600 0.1951 37 
933Axx_TA A 27.6130 -99.2750 26.5800 1.7453 26.8700 0.2569 62 
ABTXxx_TA B 32.6240 -99.6430 39.1300 1.7670 39.9000 0.1314 377 
AMTXxx_US B 34.8840 -101.6810 43.2700 1.7560 43.9800 0.1787 454 
ANMOxx_IU C 34.9460 -106.4570 38.3300 1.7000 37.2500 0.2151 1447 
HKTxxx_IU A 29.9620 -95.8380 30.8000 1.6800 29.9000 0.2314 192 
JCTxxx_US B 30.4790 -99.8020 41.4200 1.8790 49.9000 0.1143 1098 
LTXxxx_US B 29.3340 -103.6670 34.7500 1.7960 36.1000 0.1905 359 
MNTXxx_US C 31.6980 -105.3820 45.0100 1.8600 47.9800 0.0825 532 
MSTXxx_TA B 33.9700 -102.7720 42.0300 1.7930 43.3300 0.1914 349 
NATXxx_US A 31.7600 -94.6610 19.2600 1.8930 23.1100 0.2450 239 
TASLxx_TA B 34.9450 -106.4560 39.1300 1.6860 37.7300 0.2286 43   
TASMxx_TA B 34.9450 -106.4600 33.0750 1.8170 0.0000 0.2023 39 
TUL1xx_TA B 35.9100 -95.7920 40.2375 1.7950 41.8500 0.1074 378 
V20Axx_TA C 35.7990 -108.4660 46.1400 1.6630 43.9100 0.1950 75   
V21Axx_TA C 35.8050 -107.6380 42.6100 1.7360 43.0600 0.1971 96   
V22Axx_TA C 35.9140 -106.9090 38.2400 1.7530 38.8700 0.1631 123 
V23Axx_TA C 35.7450 -106.1830 39.7800 1.8570 45.9900 0.1830 37   
V24Axx_TA B 35.7260 -105.2720 42.2400 1.8320 48.5100 0.1023 153 
V25Axx_TA B 35.8380 -104.6160 43.1600 1.7700 44.0400 0.0453 171 
V26Axx_TA B 35.7960 -103.7860 41.3700 1.7660 42.4900 0.1078 141 
V27Axx_TA B 35.7570 -102.8360 40.7700 1.8230 44.6900 0.1109 107 
V28Axx_TA B 35.7500 -102.2240 42.8800 1.8310 48.9200 0.1767 152 
V29Axx_TA B 35.8730 -101.5210 41.2000 1.7250 44.7900 0.0822 121 
V30Axx_TA B 35.7620 -100.6890 47.0700 1.8330 53.5000 0.2474 89   
V33Axx_TA B 35.8210 -98.2860 39.7700 1.7980 42.2000 0.1649 62   
V34Axx_TA B 35.8340 -97.5180 37.7800 1.8570 35.8200 0.1069 114 
V35Axx_TA B 35.7630 -96.8380 38.5667 1.7977 39.7000 0.0962 120 
V36Axx_TA B 35.7860 -95.9420 40.5625 1.7837 41.7500 0.0820 161 
V37Axx_TA B 35.8830 -95.1410 39.8100 1.7660 40.6700 0.1225 147 
V38Axx_TA B 35.8630 -94.4080 40.8300 1.8030 42.7400 0.0874 135 
V39Axx_TA B 35.8390 -93.6450 45.6500 1.7360 45.7700 0.1019 153 
V40Axx_TA B 35.8040 -92.8230 40.5100 1.7880 41.9000 0.1285 130 
V41Axx_TA B 35.7850 -92.1550 37.5400 1.8000 39.0200 0.1688 123 
V42Axx_TA A 35.8060 -91.3900 37.8200 1.7760 39.3700 0.1017 98   
V43Axx_TA A 35.7860 -90.5440 22.2500 1.9110 23.8400 0.3604 49   
VBMSxx_US A 32.2180 -90.5180 43.0900 1.6823 44.8300 0.0839 76 
W20Axx_TA C 35.1260 -108.5000 36.9750 1.7375 37.2500 0.1263 181 
W21Axx_TA C 35.1170 -107.6480 36.4500 1.7500 36.6833 0.0994 128 
W23Axx_TA B 35.1600 -106.1500 41.3700 1.7150 41.0000 0.1622 130 
W24Axx_TA B 35.2110 -105.4080 41.9000 1.7040 41.1100 0.1955 164 
W25Axx_TA B 35.2180 -104.4610 38.7700 1.8270 41.2700 0.1215 144 
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Table 4.1 Resulting crustal thickness ( H, Hn ), Vp/Vs, and R(continue) 
 
 
Station 
 
Area 
Latitude 
(deg) 
Longitude 
(deg) 
 
H (km) 
 
Vp/Vs 
 
Hn(km) 
 
R 
 
N 
         
W26Axx_TA B 35.0890 -103.7660 36.2900 1.8403 42.2800 0.1264 113 
W27Axx_TA B 35.0640 -103.0630 41.4900 1.7750 42.3400 0.1264 112 
W28Axx_TA B 35.2570 -102.2060 45.6300 1.7810 47.1000 0.1223 138 
W29Axx_TA B 35.1210 -101.6480 43.9300 1.8450 42.7600 0.0719 129 
W30Axx_TA B 35.1820 -100.5770 44.6200 1.8390 49.6000 0.0881 137 
W31Axx_TA B 35.1860 -99.9430 48.2100 1.7840 49.6800 0.0853 109 
W32Axx_TA B 35.1240 -99.2460 40.2800 1.7020 39.6100 0.1757 101 
W33Axx_TA B 35.1520 -98.4690 36.8900 1.8380 42.4500 0.3718 31   
W35Axx_TA B 35.1530 -96.8740 38.5700 1.8270 40.2600 0.1382 110 
W36Axx_TA B 35.1390 -96.2260 37.1500 1.8240 40.6100 0.0778 105 
W37Axx_TA B 35.1380 -95.4270 40.3800 1.7790 40.9700 0.1247 34   
W37Bxx_TA B 35.1390 -95.4320 38.2800 1.7690 40.1700 0.1450 51   
W38Axx_TA B 35.0700 -94.5180 41.5250 1.8707 44.3250 0.0832 39 
W39Axx_TA B 35.1960 -93.7840 47.8000 1.7740 48.7600 0.1683 74   
W40Axx_TA B 35.1920 -93.0690 43.0400 1.8630 49.7200 0.1900 66   
W41Axx_TA A 35.1740 -92.2480 38.4800 1.8680 44.7900 0.3065 23   
W41Bxx_TA A 35.1740 -92.2480 38.8200 1.8660 45.2300 0.2610 83   
W42Axx_TA A 35.2730 -91.5220 39.9700 1.7230 39.7500 0.1206 71   
WHTXxx_TA B 31.9910 -97.4560 38.4100 1.7470 38.9000 0.1772 318 
WMOKxx_US B 34.7380 -98.7810 44.4800 1.9010 53.6600 0.0716 743 
X20Axx_TA C 34.5420 -108.4980 39.1700 1.6770 37.3700 0.2974 104 
X21Axx_TA C 34.4460 -107.7860 23.9400 1.7890 24.7200 0.1505 198 
X22Axx_TA C 34.5060 -107.0100 31.6900 1.7780 32.7200 0.2654 13   
X23Axx_TA B 34.5810 -106.1880 38.6000 1.7320 38.6800 0.1285 205 
X24Axx_TA B 34.5650 -105.4350 40.2300 1.7850 41.4400 0.0559 175 
X25Axx_TA B 34.5270 -104.6620 39.7900 1.7890 40.9400 0.1270 124 
X26Axx_TA B 34.5510 -103.8100 45.2500 1.7160 44.8500 0.1307 137 
X27Axx_TA B 34.6470 -103.0970 45.0700 1.7340 45.1500 0.1549 142 
X28Axx_TA B 34.5190 -102.1970 47.5000 1.8400 44.0800 0.0899 112 
X29Axx_TA B 34.4450 -101.7010 40.7100 1.9070 43.2600 0.1261 112 
X30Axx_TA B 34.4460 -100.8740 46.2800 1.7630 47.0800 0.1285 120 
X31Axx_TA B 34.6310 -99.9790 39.7800 1.8380 41.8900 0.1171 91   
X32Axx_TA B 34.4210 -99.2850 39.4400 1.8120 42.6700 0.1175 102 
X33Axx_TA B 34.5410 -98.5010 43.1000 1.7400 43.3600 0.1065 135 
X34Axx_TA B 34.6010 -97.8330 46.8500 1.8540 42.3300 0.2202 37   
X35Axx_TA B 34.4000 -96.9730 42.9700 1.7470 43.9700 0.0508 150 
X36Axx_TA B 34.5700 -96.3520 47.4200 1.8200 52.8500 0.2576 48   
X37Axx_TA B 34.5890 -95.3710 28.1571 1.9229 33.1000 0.2084 36 
X38Axx_TA B 34.6690 -94.8290 39.4400 1.8320 45.0200 0.1688 66  
X39Axx_TA B 34.5110 -94.1140 43.3000 1.8700 49.9000 0.0907 144 
X40Axx_TA A 34.4870 -92.8340 41.7800 1.7611 42.3500 0.0599 116 
X41Axx_TA A 34.4950 -92.5140 34.5000 1.8024 37.0125 0.0734 113 
X42Axx_TA A 34.5530 -91.6260 37.0000 1.7180 36.7100 0.3228 51   
X44Axx_TA A 34.5000 -90.1460 31.1100 1.7910 32.8000 0.4482 36   
Y20Axx_TA C 33.9090 -108.3770 38.6333 1.6617 36.1833 0.3919 126 
Y21Axx_TA C 34.0090 -107.6740 35.1600 1.7800 37.0800 0.2816 88   
Y22Axx_TA C 33.9370 -106.9650 29.4800 1.8510 33.8300 0.2341 99   
Y22Cxx_TA C 34.0740 -106.9210 31.2700 1.7820 33.4300 0.5023 30   
Y22Dxx_TA C 34.0740 -106.9210 30.7300 1.7920 32.1100 0.5239 47   
Y23Axx_TA C 33.9310 -106.0550 37.4600 1.7560 38.0500 0.1992 174 
Y24Axx_TA B 33.9260 -105.4360 46.4600 1.6970 45.6300 0.0612 172 
Y25Axx_TA B 33.9230 -104.6930 46.5700 1.8180 49.8200 0.1749 122 
Y26Axx_TA B 33.9230 -103.8250 41.9000 1.7100 41.2000 0.0824 130 
Y27Axx_TA B 33.8840 -103.1630 46.8800 1.7337 0.0000 0.0924 164 
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Table 4.1 Resulting crustal thickness ( H, Hn ), Vp/Vs, and R(continue) 
 
 
Station 
 
Area 
Latitude 
(deg) 
Longitude 
(deg) 
 
H (km) 
 
Vp/Vs 
 
Hn(km) 
 
R 
 
N 
         
Y29Axx_TA B 33.8600 -101.6710 43.2333 1.7420 43.5667 0.0513 139 
Y30Axx_TA B 33.8770 -100.8980 45.9100 1.8126 49.7600 0.0978 122 
Y31Axx_TA B 33.9630 -100.2610 50.1800 1.7230 49.9900 0.0842 127 
Y32Axx_TA B 34.0040 -99.4420 46.6400 1.8910 43.4600 0.0702 137 
Y33Axx_TA B 34.0080 -98.6260 46.9100 1.8000 48.8700 0.0866 129 
Y34Axx_TA B 33.9570 -97.7570 44.6200 1.8130 48.5000 0.1123 214 
Y35Axx_TA B 33.9060 -97.0370 36.3700 1.8350 40.9300 0.1486 42   
Y37Axx_TA B 33.9790 -95.6210 44.9300 1.7570 45.7900 0.2393 91   
Y38Axx_TA A 33.9280 -94.7310 25.4700 1.7390 25.7400 0.1557 114 
Y39Axx_TA A 33.9380 -94.0940 27.6900 1.8740 32.8100 0.1732 129 
Y40Axx_TA A 34.0120 -93.2800 29.4100 1.7400 29.6000 0.1675 103 
Y42Axx_TA A 33.8360 -91.7870 28.4600 1.8080 33.6400 0.2194 43 
Y43Axx_TA A 33.9120 -90.9280 33.4800 1.7150 34.8900 0.2748 22 
Y44Axx_TA A 33.9620 -90.2110 30.4400 1.7680 32.1400 0.2980 37 
Z20Axx_TA C 33.1130 -108.5920 30.0400 1.8400 34.4400 0.2044 142 
Z21Axx_TA C 33.3090 -107.6710 35.9400 1.7330 36.0100 0.2683 143 
Z22Axx_TA C 33.2560 -106.9640 33.6600 1.7260 33.5700 0.2548 148 
Z24Axx_TA B 33.3300 -105.3650 41.2500 1.8580 47.5700 0.1056 173 
Z25Axx_TA B 33.2800 -104.7170 53.0000 1.8400 54.9000 0.0947 181 
Z26Axx_TA B 33.2720 -103.9800 42.1400 1.8390 46.2300 0.1127 128 
Z27Axx_TA B 33.3150 -103.2150 45.4429 1.8544 47.2000 0.0748 114 
Z28Axx_TA B 33.2880 -102.3870 45.5600 1.6860 43.9200 0.1684 103 
Z29Axx_TA B 33.2590 -101.7060 44.6700 1.8340 50.3100 0.0945 157 
Z30Axx_TA B 33.2860 -101.1280 45.5100 1.7640 46.1800 0.0981 147 
Z31Axx_TA B 33.3180 -100.1440 41.8700 1.7550 42.3900 0.1842 124 
Z32Axx_TA B 33.3070 -99.4780 42.5400 1.7520 43.0100 0.0925 136 
Z33Axx_TA B 33.2860 -98.7650 43.1300 1.7690 44.0500 0.1247 157 
Z34Axx_TA B 33.3710 -97.9160 39.1000 1.7900 42.0400 0.1923 102 
Z35Axx_TA B 33.3310 -97.2530 40.2800 1.7260 40.1800 0.0920 207 
Z36Axx_TA A 33.2700 -96.4340 33.9500 1.7000 33.1750 0.2701 45 
Z37Axx_TA A 33.1980 -95.6230 32.2444 1.6656 30.9000 0.3203 63 
Z38Axx_TA A 33.2600 -94.9850 29.4700 1.7680 29.9000 0.2147 45 
Z39Axx_TA A 33.2420 -94.1820 22.6300 1.8950 25.8900 0.1934 56 
Z40Axx_TA A 33.2580 -93.3990 25.1200 1.8240 26.5400 0.2947 41 
Z41Axx_TA A 33.2580 -92.8030 26.5100 1.7920 28.2700 0.2104 53 
Z42Axx_TA A 33.2740 -91.9470 32.5500 1.7319 32.5300 0.3588 63 
 
 
Area A is a transition zone between the Gulf of Mexico and the North American 
continent (Figure1) with 63 seismic stations. The resulting mean crustal thickness for this 
area is 29.0±1.0 km with the smallest value of 20 km and largest value of 43km. The 
crust of this area was stretched during the opening of the Gulf of Mexico, leading to the 
attenuation of crustal thickness compared with neighboring Area B. The observed crustal 
thicknesses show a systematic increasing trend from the Gulf toward the Land and the 
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thinnest value occurs close to the coastline (Figure 4.1). The highest value occurs on 
stations 244A and VBMS. Both average Crustal thickness and the mean Vp/Vs observed 
in Area A are the smallest among the three areas. The R value ranges from 0.041 to 0. 49 
with an average value of 0.258±0.028, larger than the value for the other two areas. The 
large R values in this area could be the result of the lose sediment layer. 
Area B, which is part of unstretched North American continent, contains the 
largest number (137) of seismic stations among the three areas and has the most spatially 
consistent crustal thicknesses, ranging from 26 km to 53 km with the mean value of 
41.8±0.7 km, which is the thickest in our study (Figure5). After analysis of all data from 
all stations we recognized that the seismic station X37A can be significantly 
distinguished from other stations in this area near it. The thinnest crustal thickness of 
26km occurs at the location of this station and stations next to it, including X36A, X38A, 
Y37A, W37A, W37B, all have crustal thickness larger than 35km, leading to an obvious 
change of crustal thickness within short distance.  The mean Vp/Vs (1.791±0.030) is 
larger than other two areas, and the R value (0.156±0.019) is lower than the mean value 
of the whole study area. 
Area C has 34 stations within the Rio Grande rift. This area experienced some 
intricate extensional history (Stewart and Diamond, 1990), resulted in relative small 
crustal thicknesses rangeing from 24 km to 46 km and the average is 35.6±0.8 km. Data 
quality in this area is not as ideal as that in the other two areas. As a result we have to 
abandon some stations, leading to gaps in this area. In the blank area between stations 
121A and 124A we are not able to identify detailed crust characteristics. The mean 
Vp/Vs in this area is 1.78±0.025, larger than that in Area A but smaller than that in Area 
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B, and the R value (0.216±0.033) also distributes between the R value for Area A (0.258) 
and Area B (0.179).  
The resulted Bouguer gravity anomaly map for whole study area clearly outlines 
crustal scale features and shows large amplitude northwest trending gradient (Figure 4.4). 
Our result also shows that there is an excellent correlation between the tectonic provinces 
(the Transitional crust, Grenville province, Yavapai province) and Bouguer gravity 
anomalies. The Great plains have high amplitude negative Bouguer gravity values that 
correspond to thicker crust and lithosphere. The area with the ransitional crust has 
relatively high amplitude Bouguer gravity values which agree with the thinner crust 
found in the region. Region between these two provinces is characterized by relative high 
crustal thickness and high amplitude of Bouguer gravity anomaly.  
Resulting crustal thickness and Vp/Vs Ratio indicate that crust beneath the 
transitional crust area is thinner with a less dense upper mantle than that under the Great 
plains. Steep gradient in crustal thicknesses between these two provinces exists.  
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Figure 4.4.  Bouguer gravity anomaly map observed crustal thickness measurements. The Great 
plains have high amplitude negative Bouguer gravity values correspond with thick crust and the 
transitional crust area is characterized by large positive Bouguer gravity anomalies and thin 
crustal thickness measurements.  A large amplitude gradient that is related to the change in crustal 
thickness is observed in the Rio Grande Rift area. 
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5. DISCUSSION 
5.1. COMPOSITION OF CRUSTAL THICKNESS AND STRUCTURES WITH 
PREVIOUS MEASUREMENTS  
Resulting values of H are mostly consistent with those from previous studies. 
Based on Crust2.0 (Bassin et al., 2000), the Moho depth in Mississippi is close to 42 km 
which is similar to the mean crustal thickness of 41.8±0.7 km for Area B. Abt et al. (2009) 
did not obtained reasonable H-∅ stacking result to illustrate the crustal thickness for the 
same area (southern Mississippi State), but their resulting depth of the positive Ps 
receiver function phase (46 ± 3 km) interpreted as the Moho is in good agreement with 
our result. It is also comparable to the Moho depth of roughly 45 km at nearby ( located 
in southern Mississippi State) station CCM obtained from H-∅ stacking in the study by 
French et al. (2009). Ancient cratons are expected to have thick crust and thick 
lithospheric roots that are strong enough with chemical buoyancy that counteracts their 
cold temperatures (e.g., Boyd, 1989; Griffin et al., 1999; Sleep, 2005), making them 
stable, relative to the surrounding upper mantle (e.g., Pearson et al.,1995; Carlson et al., 
1999). 
After analyzing data obtained at 54 sites from the RISTRA project, Wilson et al. 
(2005) expected crustal thinning beneath the Rio Grande Rift is broadly symmetric about 
the rift axis, a conclusion that the thinnest crust (35 km) located directly beneath the rift 
axis, which is broadly consistent with our results. In our study, the average crustal 
thickness for Area C (include Rio Grande Rift) is 35.6±0.8 km and almost all of the 
stations provided useful information in Area C are located in the Rio Grande Rift. Station 
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X21A and X23A, having smallest H values in this area, are almost located on the axis of 
the Rio Grande Rift. Numerous previous studies shows that, lithosphere extensional 
deformation can be grouped into two types of models, pure shear model (e.g., McKenzie, 
1978) and simple shear model (e.g., Wernicke, 1985). In the situation of pure shear 
model, a brittle deforming upper crustal layer with a ductile deforming lower crustal layer 
and mantle lithosphere are expected to be observed. 
On the other hand, according to the simple shear model, shear along a low-angle 
master detachment fault may be observed spanning the whole lithosphere, leading to an 
asymmetric lithospheric cross section with the region of greatest crustal thinning offset 
laterally from the region of greatest mantle lithosphere thinning (Wilson et al., 2005). Our 
observations favor a pure shear model of deformation, which indicates that the 
lithosphere has thinned relatively symmetrically and that the greatest lithospheric 
thinning is centered beneath the axis of the rift. Gravity data also provides evidence 
supporting a symmetric thinning of the lithosphere which closely tracks the rift axis 
(Figure 5.1). 
  
28 
 
Figure 5.1.  Symmetric thinning of the lithosphere along the Rio Grande Rift by Bougure gravity 
anomalies. Red crosses and blue circles indicate crustal thickness using the same scale as in 
Figure 4.1. 
 
In Area A, seismic-refraction models are formed (Cram, 1962; Dorman et al., 
1972) for crustal thickness and velocity structure. In their models, the thinnest crustal 
thickness value is 28 km, which is almost equal to our mean crustal thickness and the 
thickest value for crustal thickness is as high as 40 km. The trend for crustal thickness 
distribution in our obtained result is roughly coincident with that in their paper. The 
significant variation in crustal thickness between Area A and Area B could be explained 
as frontal zone ouachita system.  
Numerous previous studies with seismic profiles in Area A provided constrains 
on sediment thickness, and crustal thickness and velocities (Ebeniro et al., 1988). 
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Petroleum exploration studies (e.g., Nicholas and Rozendal, 1975) provided affluent 
information about the geometries of upper-crustal units (e.g., Ouachita facies, Paleozoic 
shelf sediments, Mesozoic and younger coastal plain sediments). COCORP seismic-
reflection profiles (Cullota et al., 1992), and similar lithospheric-scale profiles within the 
U.S. coastal plain (Mickus and Keller, 1992; Harry et al., 2003) also contribute to our 
knowledge of geometries of upper-crustal units. Densities of various bodies were 
estimated from seismic-refraction studies (Cram, 1962; Dorman et al., 1972), empirical 
relations between density and P-wave velocities (Christensen and Mooney, 1995), and 
comparison to similar gravity models (Mickus and Keller, 1992). Magnetic 
susceptibilities were estimated from other studies across passive margins (Talwani and 
Abreu, 2000; Mjelde et al., 2007). Depth, geometry, density, and magnetic susceptibility 
were varied within 20% of initial values to determine a final model that best matched the 
gravity and magnetic data. Location of the oceanic crust was estimated from potential 
field studies by Bird et al. (2005). 
Two cross-sections of the resulting H along profiles that is perpendicular to the 
Gulf of Mexico coastline are displayed in Figure 5.2. Locations for these two cross 
sections are shown in Figure 1.1 and Figure 4.1. We choose seismic stations near the 
profile (the distance between the station and the profile is shorter than 160 km) and 
project crustal thickness information of chosen stations on our cross sections. The profile 
start from Point D and Point F and ended with Point E and Point G (Figure 4.1). In both 
cross sections, significant changes in crustal thickness can be observed. In Line 1 this 
change is relatively close to the coast line and In Line 2 there are more stations with 
relative lower crustal thickness from the coast line compare with Line 1. This result 
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agrees with the location of the boundary between the transitional crust province and the 
Grenville province.  
 
 
Figure 5.2.  Cross sections of crustal thickness results along profile 1 and profile 2 (Figure1.1 and 
Figure4.1). Each triangle indicates the information from one station. Significant changes in 
crustal thickness can be observed in both sections. In Line 1 the most abrupt increase of crustal 
thickness happens at the location among stations 535A, 635A and 633A, about 120 km far away 
from the coast line. In Line 2 the most abrupt increase of crustal thickness happens at the location 
of station Z36A, which is about 350 km far away from the coast line.  
 
5.2. SPATIAL DISTRIBUTION OF ∅ AND CRUSTAL COMPOSITION  
The spatial variations in ∅ are remarkably coherent throughout southeastern U.S. 
with the Rio Grande Rift area showing the lowest values (mean of 1.76) and the Yavapai 
province and Grenville province in Area B showing the highest (mean of 1.79). The 
Texas Gulf Coastal Plain shows values of ∅ more spatially variable than above two areas 
in this study, resulting to a medium mean ∅ value of 1.78.  Our results and various 
previous studies suggest that there is no obvious relationship between Vp/Vs and crustal 
thickness or the age of the surface rocks, though the mean values of ∅ for Area A, B and 
C seem in direct proportion to the mean values of crustal thickness. Compare stations 
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those have similar crustal thicknesses, significant difference between values of ∅ can be 
observed. In the same situation, there is no evident difference between ∅ values from 
stations sharing the similar age (Figure6).  
Christensen (1996) demonstrated that the average Vp/Vs value of the upper and 
lower continental crust is about 1.74 and 1.81, respectively, leading to an average value 
of 1.78 for the entire continental crust. Numerous previous studies suggest that the upper 
continental crust is dominant by felsic rock, showing relative low Vp/Vs values that in 
most situations are smaller or equal to 1.76. In addition Holbrook et al. (1992) concluded 
that Vp/Vs values higher or equal to 1.81 could be associated with mafic rocks, and 
between 1.76 and 1.81 as intermediate. Based on the observations, overall crustal 
composition for Area A can be defined as felsic, intermediate materials for Area B and C. 
Area A and Area C are both in extensional terrenes, but Area A shows significant lower 
Vp/Vs value than that of Area C. the difference might be related to different lithospheric 
composition produced by entirely disparate crust thinning history. 
For Area A, we obtained a mean Vp/Vs value of 1.76, which is corresponding to 
the situation that the material beneath Area A have a similar Vp/Vs value with upper 
continental crust and is dominant by felsic rock. We inclined to believe that this relatively 
low Vp/Vs be explained as lower crust in this area is formed as a result of a volcanic 
extension history and Area A is a volcanic extensional boundaries. As we know lava can 
be classified into three chemical types; felsic, intermediate, and mafic, it is reasonable if 
lower continental crust is dominant by felsic lava. 
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A large number of previous studies demonstrated that Area A has thick sediment 
layer. Upper Jurassic to the Recent is more than 5,000 m thick in outcrop on the western 
periphery and in excess of 16,000 m below the coastal plain, which has been proven by 
Ebeniro et al. (1988), Mickus and Keller (1992), Harry et al. (2003) and Cuevas Leree et 
al. (2004) and a large number of other previous studies. Beneath ~16km sediments in this 
area, it is still debated regarding the nature of this transitional lithosphere. Two opposite 
views exist supported by respective evidence and reasoning; no volcanic rifting margin 
(eg. Skogseid, 2001) versus volcanic extensional boundaries (Menzies et al., 2002; Kevin 
Mickus et al., 2009). Nonvolcanic transitional crust, such as the Galicia margin and the 
Gulf of Suez, consists of stretched and thinned continental crust inboard and exhumed 
serpentinized mantle outboard. Characteristics of this kind of boundaries include absence 
of lava, long duration (15 m.y. or longer), high stretching factor (β; increasing oceanward 
to ~5 or more), rotated fault blocks, and high-velocity (Vp ~7.2–7.7 km/s) outboard crust 
interpreted as serpentinized peridotite (Mjelde et al., 2007). In contrast, volcanic 
extensional boundaries, formed by rapid and voluminous emplacement of lavas, dikes 
and sills, and plutons, are characterized by high-velocity (Vp ~7.2–7.6 km/s) lower crust. 
Dynamic models for volcanic extensional boundaries infer mantle plumes and/or 
enhanced convection overturn of the asthenosphere. According to Kevin Mickus et al. 
(2009), most prominent magnetic and gravity anomalies are a large-amplitude maximum 
magnetic anomaly that parallels the coastline from Mexico to Lafayette, Louisiana and a 
small-amplitude maximum Bouguer gravity in the same region. Our Bouguer gravity 
anomaly map (Figure 4.4) agrees with this observation. Mickus et al. (2009) assert that 
width and amplitude of these anomalies are similar to some volcanic rifted margins 
  
33 
including Namibia, the U.S. East Coast, and the Vøring Plateau. According to Rangin, C. 
et al. (2008), the crustal density is fixed to 2700 kg/m
3
 and the mantle density to 3300 
kg/m
3
, consistent with mafic and intermediate petrologies, respectively. Conclusion 
drawn by authors of this study is that the lithosphere extension started during the 
Paleogene and was maximal during the Oligocene but lasted at least until the uppermost 
Miocene and even to the present time. They believe the ductile crust did participate fully 
to the deep decollement process and probably still does. Different from Kevin Mickus’s 
study, no volcanic rifted margin were mentioned. 
For Area C, the Rio Grande Rift, Geochemical analysis of volcanic rocks 
indicates a temporal transition from rocks with a lithospheric source to rocks with an 
asthenospheric source (Perry et al., 1988), which is interpreted as a thinning of the 
lithosphere. Relative thin crustal thickness (35.6±0.8km) and intermediate Vp/Vs ratio 
(1.78±0.025) resulted from our research support this viewpoint. Wilson et al., (2005) 
derived similar conclusion by using data from the Colorado Plateau/Rio Grande Rift 
Seismic Transect (RISTRA) experiment and the method of migration and nonlinear 
stacking of multiple receiver function modes (Wilson and Aster, 2005). Deformational 
model that is further supported by a rift-centered region of low velocities observed in 
surface wave inversions and tomography (West et al., 2004; Gao et al., 2004), as well as 
by regional isotopic data. Interestingly, crustal thickness estimate standard deviations 
from the RGR Moho upward region are somewhat tighter, and suggest a relatively 
smooth Moho that may have been altered by extension and/or thermal alteration. 
Two cross sections of Vp/Vs ratio (Figure 5.3) are made to illustrate the analysis. 
Location of these two profiles and the stations providing information are similar with 
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Figure 5.2. From Figure 1.1, only a few stations projected on Line 1 are distributed in 
Area 1 and most of the stations observed on Line 1 belong to Area B. On the contrast, 
Line 2 is composed of more stations from Area A. As a result, Vp/Vs values in Line 1 are 
relative smoothing and higher than that in Line 2. At the same time, obvious increasing 
trend of Vp/Vs ratio can be clearly fixed in Line 2.   
 
Figure 5.3.  Cross sections of crustal Vp/Vs ratios along profile 1 and profile 2 (Figure1.1 and 
Figure4.2). Every triangle indicates the information from one station. Significant changing in 
Vp/Vs can be observed in Line 2 ant the mean value of Vp/Vs observed in Line 1 is Higher than 
Line 2, as a result of the higher number of stations in Area A projected on Line 2 than that on 
Line 1. 
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6. CONCLUSION 
Recent studies proposed systematic spatial variations in crustal thickness, Vp/Vs 
and the efficiency of the boundary between crust and mantle across the southeastern U.S., 
including the Rio Grande Rift, the Grenville and Yavapai Mazatzal provinces, and the 
Gulf of Mexico. Our study confirm most of these conclusions by analyzing large numbers 
of receiver functions from stations that covering the whole study area. Area A, defined as 
a transitional crust, is characterized by a thin crust with a low Vp/Vs, demonstrating a 
felsic dominant crust with thick sediments. Area B, composed with Grenville and 
Yavapai Mazatzal provinces, has a thick crust with a felsic upper crust and mafic lower 
crust. The Area C, south Rio Grande Rift, is characterized by thin crust and relative high 
Vp/Vs, suggesting that the crustal thinning was resulted of pure shear stretch model 
rather than other processes. 
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